A Green River Formation oil shale sample was crushed and extracted with refluxing methanol. The extract was analyzed by high performance liquid chromatography in combination with graphite furnace atomic absorption detection (HPLC-GFAA). The HPLC-GFAA analysis provided evidence for the identification of methyl-and phenylarsonic acids and arsenate.
A Green River Formation oil shale sample was crushed and extracted with refluxing methanol. The extract was analyzed by high performance liquid chromatography in combination with graphite furnace atomic absorption detection (HPLC-GFAA). The HPLC-GFAA analysis provided evidence for the identification of methyl-and phenylarsonic acids and arsenate.
Further unequivocal evidence for the methyl-and phenylarsonic acids identification was provided by reaction of HPLC purified fractions of the total extract with excess 3-methylcatechol followed by capillary column gas chromatography -electron impact mass spectrometry (GC-EIMS) analysis.
The GC-EIMS analysis demonstrated the presence of methyl-and phenylarsonic acids as there five-coordinate organoarsenic catecholates. The significant implication for the biogeochemical origin of these organoarsenic compounds will be discussed.
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The molecular characterization of organometallic compounds which occur as natural products in fossil fuel precursors is becoming a significant area to research due to the importance of these compounds in emerging synthetic fuel processes as well as their impact on the environment. 2
Recently, we identified, using a high performance liquid chromatograph coupled to a graphite furnace atomic absorption spectrometer as an element-selective detector (HPLC-GFAA), methyl-and phenylarsonic acids as well as arsenate in oil shale retort waters. 3 We also have analyzed the shale oils produced by pyrolysis of oil shale and have found that.
the above-mentioned organoarsonic acids also occur, but in association w,ith iron-containing ma~;:ro-molecules with molecular weights in the range 4a b of 2, 000-4, 000 dal tons. ,.
In order to discern whether these compounds were natural products in the precursor of the shale oil and the retort waters or were formed during pyrolysis, we examined a Green River Formation oil shale. We recently have studied the reactions of methyl-and phenylarsonic acids with substituted catechols, and established that they provide five-coordinate organoarsenic catecholates.
9 Since many of these organoarsenic catecholates could be gas chromat.ographed on fused. silica capillary columns an·d characterized by electron impact mass spectroscopy (GC-EIMS), we decided to apply this derivit3zation technique for the unequivocal identification of methyl-and phenylarsonic acids present in the oil shale extract~
The methanol extract was purified by preparative HPLC (the area from 2.2 to 35 min. was collected, see Figure 1 ), lyophilized and dissolved in benzene. To this solution was added excess 3-methylcatechol and the reaction mixture was refluxed for 5 h and worked up to remove the excess 3-methylcatechol. A concentrated sample was subjected to GC-EIMS analysis 10 to provide spectra and scan numbers (retention times) that were identical to the known samples of the 3-methylcatecholates of both methyl-and phenylarsonic acids~ We believe these identifications of the organoarsonic acids to be the first such molecular characterizations of trace organometallic compounds to be reported for any fossil fuel precursors and initiates the area of organomet~llic geochemistry, a field that has hithertofore been totally unexplored.
The implications are that these organoarsonic acids are natural products and hence have·a biogeochemical origin in the oil shale taphonomy process. It is also interesting to note that no examples of biophenylation have been reported, whereas biomethylation of arsenic compounds is a well known reaction. 12 How the phenylarsonic acid forms will have to be answered with the examination of precursors to the oil 5 shale such as freshwater marine algal mats as well as other biogeochemical samples.
Finally, the fact that these organoarsonic acids are released upon oil shale pyrolysis has important implications in the various synthetic fuel processes where the role of organometallic compounds in poisoning process catalysts and contribute to environmental problems is paramount. 
